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Abstract 
 
DHF vector control still uses chemicals. Long-term application can lead to target insect resistance 
and environmental pollution so that a better alternative is to use biological insecticides because it is 
environmentally friendly. The aim of the study is to identify the effect of kaffir lime peel essential 
oil on the behavior and mortality of Ae.aegypti larvae. The research method used was completely 
randomized design of three treatments and three replications. The results show that larval behavior 
after administration of kaffir lime peel essential oil at a concentration of 103 ppm decreased the 
frequency of movement, the larvae were unable to rise to the surface of the water after 1.5 hours. 
The results of the research were tested with probit analysis at a confidence level of 95% LD 263,552 
ppm. The analysis result in one-way ANOVA for the number of differences in the number of dead 
larvaes, with the value obtained sig. = 0.000, which means that there is a significant influence on 
differences in doses of papaya seeds powder solution used against the death of Ae. aegypti larvaes. 
Kaffir lime peel contains essential oils that can be used as biological insecticides in DHF vector 
control.  
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1. Introduction 
Dengue fever is caused by dengue virus of 
the genus Flavivirus, family of Flaviviridae. This 
disease is transmitted through bites of the female 
mosquito Aedes aegypti. (Nisa et al, 2015) Dengue 
is endemic in 124 countries of the world and at 
least 4 billion people are at risk of this disease. 
(Yuliasih & Mutiara, 2017). Dengue fever is not 
only increases in tropical and subtropical regions 
but has also spread in Europe (Kementerian 
Kesehatan RI, 2016). The World Health 
Organization (WHO) mentioned Indonesia as the 
country with the highest cases of dengue fever in 
Southeast Asia. (Nirma et al, 2015) 
The number of dengue cases in 34 provinces 
in Indonesia in 2017 was 68,407. (Kementerian 
Kesehatan RI, 2018). While in 2016, there were as 
many as 202,314 patients and 1593 people died 
(Kementerian Kesehatan RI, 2017). Prevention of 
dengue fever is still prioritized in vector control 
because there are still no effective vaccines and 
antiviral drugs available. (Dias and Denise, 2014)  
One way to control vector mosquitoes is to 
control the life cycle of mosquitoes at the 
pre-adult stage (larvae) (Inayati. N, M. Wiwin, 
2013) (Yuliasih & Mutiara, 2017). Mosquito larvae 
which breed in water are  easier to be controlled 
compared to the adult stage because at the adult  
stage, they can fly to avoid insecticides (Ahbirami 
et al,  2014).  The way to control mosquitoes is 
by killing mosquito larvae using larvacide. 
Larvaside which is commonly used in mosquito 
control programs is synthetic insecticides. (Yu et 
al, 2015)  
The use of synthetic insecticides has several 
disadvantages. Long-term applications have 
adverse effects on human health, as well as the 
emergence of Ae. aegypti populations that is 
resistant to insecticides. (Mallick et al,  
2015),(Monika N & Waikabubak, 2016).  To 
overcome this disadvantages, the biological 
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insecticide can be used as an alternative in 
dengue vector control. Biological insecticide is 
derived from plants that contain chemical 
substances (bioactive) which are toxic to insects 
but easy to decompose (biodegradable) in nature 
so they do not pollute the environment and are 
relatively safe for humans. 
Recently, many studies have found that 
plants have potentials for natural insecticides. 
(Rocha et al., 2015),(RAJ et al, 2017),(Pinto et al, 
2016). Citrus family plants have potential as a 
natural insecticide. (Mya et al, 2015),(Hamidah. & 
Hebert, 2017).  Kafir lime (Citrus hystrix) is one of 
the potential citrus plants. Part of kaffir lime skin 
is one part of the plant that is used as a natural 
insecticide. Kaffir lime peel is used as an 
insecticide because it has an active chemical 
content found in skin essential oils. (Sihombing et 
al., 2015) 
The essential oil of kaffir lime peel shows 
larvicidal activity against larvae of Culex 
quinquefasciatus. (Poolprasert, Pama, Chammui, & 
Thongchai, 2015) Methanol extract of  kaffir lime 
leaves is also reported to have larvicidal activity 
against third instar of Ae. aegypti larvae. 
(Adrianto et al, 2014) Essential oils of kaffir lime 
peel show a repellant effect on Ae aegypti 
mosquitoes adult. (Soonwera, 2015) However, 
there is no information about the effect of kaffir 
lime peel essential oil on third instar of Ae. aegypti 
larvae. The purpose of this study is to identify the 
effect of kaffir lime peel essential oil on the 
behavior and mortality of Ae. aegypti larvae. 
 
2. Method 
This research is an experimental study, with 
a completely randomized design of three 
treatments and three replications using third 
instsar of Ae. aegypti larvae. Larvae were obtained 
from laboratory colonies from the results of Ae. 
aegypti egg rearing originating from the Ciamis 
Sources Animal Disease Control Laboratory Loka 
Litbangkes. Aedes aegypti is commonly used in 
screening insecticide testing because it is usually 
less vulnerable and easy to colonize in 
laboratories. (WHO, 2005) 
The material used in the study was the 
peel of kaffir lime fruit originating from Kuncen, 
Banguntapan Bantul, Yogyakarta. The peel of a 
kaffir lime fruit was then extracted for essential 
oils by distillation. The essential oil obtained was 
dissolved by tween 80 and then diluted with 
distilled water according to the concentration to 
be tested (10ppm, 102ppm and 103ppm). A 
concentration of 10ppm was made by adding 1µl 
of essential oil with 99,999 µl of distilled water, 
102 ppm concentration (10 µl + 99,990 µl of 
distilled water) and concentration of 103 ppm 
(100 µl + 99,900 µl of distilled water). 
The test was carried out at a temperature of 
25 ± 20C, 80% humidity with each concentration 
in a glass vial containing 25 larvae at the final 
volume of 100 ml. The amount of replication in 
each concentration was 3 times replication. Larva 
mortality in each treatment was recorded after a 
24-hour exposure. If the control mortality is 
between 5% -20%, the mortality of the treatment 
group must be corrected by the Abbott formula: 
(x-y) divided by (y) multiplied by 100; with x is 
the living larvae in the control group and y is the 
living larvae in the treatment group. Data from 
all replications were collected for analysis. LC50 
and LC90 values were calculated using Probit 
analysis. Larva behavior parameters were 
observed during the test period. 
 
3. Result and Discussion 
Behavior of Ae. aegypti larvae during 
exposure shows that control larvae actively 
moved in the water by making swimming 
movements forming a 'S' pattern. Movement of  
larvae exposed to kaffir lime peel essential oil at 
10 ppm and 102 ppm until the end of the 24 hour 
exposure period shows the same swimming 
movements controls such as movements forming 
the 'S' pattern movement on the surface, in the 
middle and at the bottom of the container. In 
larvae exposed to kaffir lime peel essential oil 
concentration of 103 ppm, the frequency of larval 
movements decreased, larvae formed groups, 
they could not rise to the surface, and they kept 
moving at the base of the container even when 
touched after 1.5 hours. 
Based on the results of observations of the 
third instar Ae larvae. aegypti, after 24 hours 
exposure to kaffir lime skin essential oil, there 
was  no mortality in the control. Whereas larvae 
mortality was found at 102ppm and 103 ppm at 5 
and 22 respectively (Table 1). 
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Table 1. Mortality of Third Instar Ae. aegypti Larvae due to Exposure to Kaffir Lime Peel Essential Oil 
 
Concentration 
(ppm) 
Test larvae 
(tail) 
Mortality on 
replication  
Average  
% 
1 2 3 
0 (control) 25 0 0 0 0 0 
10 25 0 0 0 0 0 
102 25 5 4 6 5 20 
103 25 22 23 21 22 88 
 
 
Log 10 from a concentration of 10 ppm was 
1, 102 ppm of 2 and 103 of 3 (Table 2).  
 
Table 2. Probit vs Log Concentration 
concentration 
(ppm) 
log 10 
(concentrtion) 
% 
mortality probit 
10 1 0 0 
100 2 20 4,16 
1000 3 88 6,18 
 
LC50 was 263,552 ppm with a lower limit of 
199,887 ppm and an upper limit of 348,469 ppm 
(Table 3). 
 
Table 3. Probit Analysis Result 
    
95% Confidence Limit For 
Konsentrasi 
 Probability  
Estimat
e 
Lower 
Bound 
Upper 
Bound 
Probit 0.500 263.552 199.887 348.469 
 
p value < sig. = 0.05, means that there is a 
significant influence on differences in doses of 
essential oil of kaffir lime peel used against the 
death of Ae. aegypti larvaes (Table 4). 
 
Table 4. ANOVA Analysis 
  
Sum of 
squares df 
Mean 
squares F P value 
Between 
Groups 980.25 3 326.75 653.5 6.7x 10-9 
Within 
Groups 4 8 0.5 
  
Total 984.25 11 89.47     
 
Essential oil consists of a mixture of major 
and minor chemical compounds. Kaffir lime peel 
essential oil contains chemical compounds 
namely limonene, 1,8-cineol, α-pinene, β-pinene, 
(-) - camphene, isobutylamide alkaloid pellitorine, 
myrcene, and linalool. All of these compounds 
are known to have larvicidal activity.  (Rocha et 
al., 2015), (Kelkenberg et al., 2015), (Bedini et al., 
2016) 
Essential oil is difficult to dissolve in water, 
so in order to dissolve it, it is added with 
emulsifier/ emulsifier tween 80. Based on the 
results, the addition of tween 80 as an essential 
oil emulsifier, did not have an effect on larvae, 
which was evidenced by not finding larval 
mortality in the control. Larvae mortality is 
caused by essential oils of kaffir lime peel. This is 
in accordance with Fujiwaraa (2017) that giving 
tween 80 to controls does not cause larval death 
so that tween which can be informed 80 does not 
cause negative effects on Ae. aegypti larvae.  
The movement of larvae exposed to kaffir 
lime peel essential oil concentration of 103 ppm 
until the end of the 24 hour exposure shows a 
decrease in movement. Larvae could not  move 
up to the surface, they  only moved at the base 
of the container. The results of this study were 
consistent with those reported by Sneha (Sneha & 
Preet, 2016) that during the test, essential oils 
affected the test larvae which decreased the 
frequency of larval movements. Decreased 
frequency of larval movements is the first sign 
that a material has larvacidal properties (Torres 
et al., 2014)  
The decrease in the frequency of larval 
movement is the effect of one of the compounds 
in kaffir lime peel essential oil namely 
monoterpene. Most essential oils of kaffir lime 
peel are monoterpene. Monoterpene has a 
larvacide effect by disrupting the nervous system 
of the larvae which, if it continues, will cause 
paralysis and eventually will make the larvae die. 
(Sulistiyani, 2015)  
The biggest content of monoterpene kaffir 
lime is limonene. Limonene has a strong 
insecticidal activity and AchE inhibitory activity. 
(Gnankiné & Imaël, 2017) AChE inhibition causes 
accumulation of acetylcholine in synapses, so 
that post-synaptic membranes are in a state of 
permanent stimulation, which results in ataxia 
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which is a general lack of coordination in the 
neuromuscular system, and eventually causes 
death. (Botas et al., 2017) 
Larvae mortality is caused by essential oils 
of kaffir lime peel. Oil can enter the body of Ae. 
aegypti mosquito larvae. It enters through the 
digestive tract and is absorbed by the intestinal 
wall. It then circulates with the hemolimp which 
will disrupt the body's metabolism so that it will 
lack of energy for its life activities which will 
cause the mosquito to spasm and eventually die. 
(Nirma et al., 2015), (Sulistiyani, 2015) 
The number of larval mortality increases 
with increasing concentration of essential oil of 
kaffir lime peel. This is in line with Pierre, (2014) 
and Ihemanma (2014) who  stated that if the 
concenration is higher, the extract will have 
higher toxic levels so that there will be more 
larvae mortality. 
 
4. Conclusion and Sugestion 
The essential oil of kaffir lime peel affects the 
behavior of larvae and causes death of the third 
instar larvae Ae. aegypti. So it is necessary to do 
research using emulsifiers other than tween 80 to 
obtain the best formula for making larvacides 
which is practical for Dengue Fever vector 
control applications. 
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